The detailed conformational features and dynamics of the naturally occurring deoxyribotrinucleoside diphosphates d-TpTpT and d-TpTpC have been investigated at 20°C and 80°C in aqueous solution by nuclear magnetic resonance spectroscopy. The observed NMR parameters indicate that the conformational properties of the trimers are very similar to those of the constituent dimers and monomers, i.e., the monomers and dimers conserve their intrinsic conformational features when they become incorporated into oligomers. Model building indicate that the distant shieldings can originate from spatial configurations in which the central nucleotidyl unit is bulged out and the u 1 w^, <o' u > occupy |g+g+, g+g+| domains.
INTRODUCTION
Extensive nuclear magnetic studies have shown that the conformational properties of oligonucleotides of the RNA family are strongly influenced by the chain length and that the monomeric units undergo interdependent conformational changes as they become integrated into the molecular framework of ribooligomers . Particularly noteworthy was the observation that base-base interactions in the ribo-oligomers cause reduction in x which in turn shifts 2 3 C " the ribose conformer equilibrium from E toward E. And further a shift in this equilibrium toward E was accompanied by the shift of $' from <t>" domains (if>' = 280°) toward if 1 Proton spectra were recorded using the Bruker HX-270 MHz spectrometer located at Southern New England High Field Facility, Yale University, New Haven, Connecticut. Details of this instrumentation are given elsewhere . All spectra were measured at 20+_l°C and 80+l°C. Tetramethylannnonium chloride (TMA) was used as an internal reference. In order to minimize the effects of difference in phosphate ionization state, the spectra for the monomers were measured at pD 5.5+0.1 and dimers and trimers at pD = 7.4+0.1. At these pD values each of the phosphate group has a single negative charge in the monomers, dimers and trimers.
domains (<J>' = 200°). The nomenclature is illustrated in

RESULTS AND DISCUSSION
Assignment and Analyses.
The most difficult aspect of the use of H NMR spectroscopy to investigate the conformational properties of trimers is to achieve a complete unambiguous analyses of the spectra. This is obvious from an inspection of the structure of d-TpTpT (Fig. 1 ) . The methodology we have employed to overcome this difficulty is presented below in which d-TpTpT is used as an example.
Examination of the H NMR spectra of d-TpTpT (Fig. 2) of -pdTp-and -pdT and they can be_ interchanged with no effect on line shapes.
Also, as is apparent from Fig. 2 , the set of resonances from H 2 1 , H 2 " of dTp-850 800 Tables I and   II .
We have used shift patterns in dimers, homonuclear decouplings and computer simulations to arrive at the various assignments. These assignments except for the ones about which we have expressed doubts are sound. However, Table I . Chemical shifts in o Nucleic Acids Research their verification should await the synthesis of the specific trimers in which the various residues are selectively deuterated. Our experience with the really complex and intricate H NMR spectra of CpC whose assignments were at first determined by the methodology employed here and which were then confirmed by selective deuteration techniques , suggests that the probability of arriving at erroneous assignments by our methods is very low.
Conformational Properties
The population distribution of the conformers about the various bonds were computed using expressions developed by Lee and Sarrna . We have discussed elsewhere the error limitations in these calculations ' . The data (Table III) show Inspection of the data in Table III changes. This lack of conformational change upon trimer formation is also reflected in the trimerization data (Table IV) . The data indicate that in general the chemical shifts of the various protons undergo very little changes from monomer to dimer and then to trimer. The only noticeable change is, in (Table III) along with no discernible differences in the trimerization data (Table IV) (Table III) , and assume that these properties are persistent. For example, in Fig. 4a the sugar ring is E and ipj, i|i 2 , and <f>3 are gg. The data for d-TpTpT 2 3
in Table III indicate that % E = 70, and % gg = 70 which also means that % E = 30 and % g/t = 3 0 . We assume that a majority of the fractions which display E sugar pucker also display gg conformation about the various C4'-C5' bonds.
Similar assumptions are employed with respect to the interrelationships among the fractions of conformers about the various bonds in order to predict the dominant spatial configuration for the trimer as a whole. This is the best one could do at present time in aqueous solution studies. 
Nucleic Acids Research
The tg domain for dpTpT has also been observed in the crystal structure of the diner . A conformation with <a' = 200°, a> = 308° and sugar pucker C(2') endo which is similar to the one observed in the crystal structure of d-prpr, has 14 been predicted to be 1.0 kcal/mole above the lowest energy conformer . Based on this new information and the general conclusion of Kan, et (Fig. 4b) . Kan, et al_. have suggested that the distant shielding may originate from right-handed stacks. In such stacks u' to and oi' oi occupy g g domains, and the bases are stacked, and it is clear from the cylindrical coordinates z, p 5 and p 6 (Table V) g"g+| coordinates in Table VI that (Table II) are of little use to determine whether there is interaction between the end nucleotidyl units in these systems.
